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[4MHI#<0«B] 

( Brevibacteri u m f 1 a vu 

E c o R I 2 
BamHI 0 
P s t I 1 
[»*« 4 ] £^j$ l^SftSr^y KEMr * 3 

[st*^i5] mmi ^ssftSDNA^ij-caiSix 

^trDNAlRtf. 
[0 0 0 1] 

[K*±©fijfflj>»] #j8BUtt, = y*saB«a#0>^ 

tKP*'>BrtK7^ (E. C. 4. 2. 1. 

9) fca-Frsae^DNAicBB-rso ^fp^ 

[0 0 0 2] 

Kn fc K7*~ t? (E . 

C. 4. 2. 1. 9) fi, <tyvsfi/>]kTfi'<})^<D£. 

-&fifcjBfi^— OfcLT, 31^3:5 fcT • aJJ ( E s c 
h e r i c h i a c o 1 i ) (CfcV^T J: < ffl$Z&tlX 

— (Journal of Biological C 
hemistry) , 2 6 1 , 2441 — 2450 (1 

9 8 6) 3 , *<DftJct>* F^y^ • y 

( Lactococcus 1 a c t i s ) [^■V w -*^* 
/V • ^ • /^rUtni/- (Journal of 
Bacteriology) 1 7 4 , 6580 — 658 
9 (1 9 9 2) ] , (0— ftWatdSRSSftTl^o 

^tKn^rtKy^f (E. C. 4. 2. 1. 

9) ae^-RflfiSfcovvr, «*tfD#^«ittftv\ 

[0 0 0 3] 

[»w^0f»uj:5ti-«iiMi] »y*a*B 

«4*<?5^fc Kp^>Sft F5*—t? (E. C. 4. 
2. l. 9) Sra-KrsafiHFOll«*B«li:Lr* 

[0 0 0 4] 



m) MJ -2 3 3-C^5ff*JSll5^ODNAgfrfr 0 
[»**3l «CKp n I1M h«r#U 
6. Okb-C&i?, Tia*l^ia«^S«!lH»*"C«!JWL 

3 «r*1-R#* 2 ie«(0 D N ABffr. 
flBWffg)*:^ (kb) 
1. 7, 2. 0, 2. 3 
6. 0 

5. 0, 1. 0 

gg^fc K^—tfSra-Ki" 5»e^DNA»LK-3asstt 
[0 0 0 5] KT, ttSWKio^-CSfeKBilBKttWI- 

■f-Sfte^&'&trDNABftfJ fcfik 2, 3-^fcKn 
* - 3 - > ?vi/SgB|j&» b2-^h-3-^ fvl^m 
SSr^JSK-t-SB*, *>«l^ 2, 

t Hn*i/Bfrr fc £ (E. C. 4. 2. 

1. 9) Sra-K-fSae^fe^tpDNAKfrSrStWcr 

[0 0 0 6] Kn^rv'Sft K5*~ t£*a— Kf 
sae^S'&tpDNAKrK" («T. eft* rAWfrj i 

^y^iiS, *|:^l/WfJ!>A«77/U (_B 
revibacter i u m f 1 a v um ) M J — 2 
33 (FERM BP- 1 4 9 7) ifcitfttf)**!** 

[0 0 0 7] C*lbOtt«^t*^e>A»>tSrWI«r 

U!)A'77^AMJ-2 3 3 (FERM BP-14 
9 7) W<£?fcfe#±ic#ftU COgfefittfrBiSttMIB 

[0 0 0 8] jfe-f, ^WtT/^^xy !>A • 7 7^AMJ 

-23 3*<o»ai*^b!teft#DNAS:ttui"rao ^ 

Mf^DN A«r93fc«HRBS* K p n I Srfljv* 

TM^DNA^^^fSo f^DNABf)t 
£\ *»«lcte»tS»a-<^*-, WxtfpUCl 1 8 

tf/< y vB#tt*B*ac*i*3;i/3i y h t • a y ( E » 

c h e r i c h i a c o 1 i ) ME 5 3 6 1 (Hitfl 
C¥W*iJr* aeSRfettfiMWFSfi-fe^*- ; T4 1 
1, »WJRZAr|T»ffl 1 1 1 l#»»#flrC*?K Hffl 
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aft*^?** KDNA*ttaiL, «iw**-o*»f+ 

Z>z tic): 9J$A£;Hfc?V*v^T V *A • 77^^ 
M J - 2 3 3tt^#A*0Altf*frKB * % Z 

[0 0 0 9] i>>< Lr#&tLSA»/r«r*b^iSa*»J 
[0 0 10] KDNA 



E c o R I 
BamHI 
P s t I 



[0 0 13] 4*5, *Wtt*C*3V^-C, ffl«»*lC«fc5 
rBKAfiftj tt, DNA»rtf3U±^9*S K«\ ffiM 

^eO^d^^iyoT^n-^y^S^ll^^UfS 

[0 0 14] rsWfBrfro^SSj Rt*/?*S 

f*, aiv^y tr • 3!)©5A^77-^ U pha 
g e) (DDN A4:»JR»*H i n d III X®M LX 
ftbttS^aiBq^DNAWfrOH-T^a-^yyu 

yt7'3)J07r^ -^7^*1 7 4 77-^ (0 x 
174 phage) ©DNAMK^iHae II 
I ^««LT#e>nS^*l!E*nODNAW^«)BI-3K 

teg^J*. fflBfDNAUf^Xtt^y^^ K©*DNA(r 

^m^^Wtr^So 4*3, #DNA 
*^<0*#*<DftSlC*5V^r, 1 k b&JbOW/i'*)** 

e>ix*JW*Sr«RfliU ISO. lkbHikb**©* 

#o*££ico^Tte4%#y j/vr? K^ms 

[0 0 15] ±f5Lfc^Ut:V-<^^y r>A • 77 

3 3(0ftfeftDNAS:MI8^|fKp n I (C 

£<>XWWrr&Zb\z):V»bii&±$£&me. 0 k 
b^DNASgrtflCo^TfS, *<0jft*E#ISr:/7;*$ K 
pUC118ftlf/*fcf±pUC119 (£fi£fil) £ 
fflV^^^^^^U^K*** (dideoxy 



yi/tV^f y £A • 77^MJ-2 3 3*Jfefe»ft 
*«)AWrfrSr*»«*»-r5wfcjft5'C#5. 
ur#fe*vSAW>i-o-o(^ iiar/uev^^y *a 

• 7 7/^MJ -2 3 3*Offefe#DNAS:«iJ|S»5|IK 

pn iv®m+szk\c):<>x%btiz*z$ifim6. 

[0011] :^6. 0kb©^tKP^>B7fcK 
5^— tf*3-K-r5ae^4r^tpDNAWfrSr, 

3 *TTE*1 SfcttDNAKtfoflSRW 

[0 0 12] 
»1] 



wmmftvjzzz (kb) 

1. 7, 2. 0, 2. 3 
6. 0 

5. 0, 1. 0 

chain termination^, Sange 
r , F. et. a 1 . , Proc. Natl. Aca 
d. S c i . USA, 7 4 , 5463 (197 7) ] \Z 

J;«?ftfi-rsctds-es5o z<o).o\cLxtkfei,ti± 

0 k b<DDNAmft<Dl&m&P\<D*— 7Vy — 
E#l##: l^tB*OiaW*^+St>«>-efc?), 612 

ficor^ k-t a i 8 3 6tta»d»fe«fig*n 

[0 0 1 6 ] ±EUfc, ftEEJISOEJW* : 1 tela 
t K5^— tf*3-K"r$Jte j F'Sr'&tfDNA»f>i-tt, 

7^ K • AXtt»3 9 4 DNA/RNAi/ 

>±V4^—%m^x&&£ft1zi><DXh<>xh):\<\ 
[0017] *fc, «rffi<D*p<p f utr/^r y ?a • 7 

7/UMJ-2 3 3©Sbfefl:DNA!&>e>Bt#Stt-S*ai 
I^ODNA^rJtlS, Kn^l^fc K7^-f*a 

Sr&tf D N AKfrtffcSS £tit>h(OXh?> Q 
[0 0 18] #3&W0>^fc Kn^r^t K5^— tf* 
= -Ki-sae^«r*tfDNA»f^ (AK#) tt, ss^ 

4^7* $ F'tffis =1 y *mwBrt-c^5 
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[0 0 19] *»W(0^t Kp^Vift 

[0 0 2 0] AKffr **A-T 5 - #-C* 5, 

htts^yx^ K^^-i LTMU »B¥3 

-21018 4^#(Cf54feC»7 P ^^^ KpCRY3 

0 ; 4$|i¥2-2 7 6 5 7 5 ■t&atcKttW:/?* 5 K 
PCRY21, pCRY2KE, pCRY2KX. pC 
RY3 1, pCRY3KEMpCRY3KX;ffl¥ 

1 -1 9 1 6 8 6^ffi(C|Bftc0^y X ^ Hp CRY 2 
&tfpCRY3 ; ^fflBSS 8-6 7 6 7 9 -5§-&«(C|Eft 
CDpAM3 3 0 ; 4#BBBS5 8-7 7 8 9 5#^*{CE« 
£> p HM 15 19; ftBlBS 58-192900 
Ett0pAJ 6 5 5* pAJ61lMpAJ184 

4 ;#HBS5 7- 1 34 5 00fCB*©pCGl ;# 
PIBS5 8-3 5 1 9 7^«{i|B«<OpCG2 ; 4$iHBg 
57-18379 9 t^SlCEtO pCG4XtJtpCG 
1 1 rfci&S-C* 5. 

[0 0 2 1] ^-Cfc^y^ffiillBM^fi*^^— 5R"Cffl 

OiSffSK, Witf^7^5 KpCRY30, pCR 
Y2K pCRY2KE, p C R Y 2KE, pCRY2 
KX, pCRY31, pCRY3KEWpCRY3K 

[0 0 2 2] ±1^7*5 K^^-pCRY 3 0*11 

^ ( Brev ibacter ium s t a t i o n i 
_s_) IF012144 (FERM BP-2515) )&> 
b ~fy KpBY5 0 3 {^(D-f=7 7s^ H^SMNKo 
V^"CH«flB5Fl-9 5 7 8 5#^«#BB) DNA^ttW 
U MK#*Xh o I -C*£3as«4. 0kb^7^ 

5 H©W8^«fc^4a^*^tfDNA*ftf (» 

U HHHSHftiEc oRIfcOTpn 
2. 1 k h<D-7?x* H<D»5e{fc»**SJ$»fi*«r£ 
tfDNASrit mT^M rKSfk««j fc»5rt^ 
) Srffl9H1- 0 wft^i^tSr:/^^ KpH 
S G 2 9 8 (SHitS) (DEcoRI, K p n I SMfcft 

^-pCRY3 OSrMtJ-rS- t* s- e#5o 



OA»r^O*Ar±, S H^^-^Kll 

*fcr±aater^^— DNA<ofiqtTfc, dnau^ 

[0 0 24] 7^7^^ KpCRY 3 0^*^A»r 
tf<0*Att, ^9*5 KpCRY30*MRBB&Kpn 

-trjciJiB^t Kp^^ft 

■tfSa-Ki-Sae^Sr^tfDNAW^ <A»#) £D 

N A y Sii: * r^J^f??^ sds-e* 

5 0 r<0£5fcLT36j*$:h,S:/5*3 HpCRY30 

*^7^^K*r, *«BBfbti^7^^ KpCRY3 
0-DHi*«Lfc, KpCRY3 O-DH0) 

[0 0 2 5] ^< LT5g^S*L*^t KP^r^ift K 

**©*IHbS:fliv>r l - y yo^r^tt l — y v 
= y*SMMS* ^RtfTVev^xy • 77^am 

J-2 3 3 (FERM BP-1 4 9 7) , :/UfcV^ 
^y £A * 77/UMJ -2 3 3-AB-4 1 (FER 
M BP-1 4 98) % 7'l/tV^r!J!)A'77^ 
M J -2 3 3-ABT- 1 1 (FERM BP-150 
0) , yutf/^^^y !7A • 77/^M J - 2 3 3-A 
BD-21 (FERM B P — 1 4 9 9) %ftf$fc\fhtl 

[0 0 2 6] ft*3, ±ISC0FERM BP-1498C0 
Bflctt, FERM BP-1 4 9 7(OfMSfti:Lt 
DL-a-7;/ SHt0tt«rlMiA9lcft4- £ * y 
-^9Ffttt«feftt?*>5 (#^BS 5 9-2 8 3 9 8^ 
Si3-4M) o FERM BP-1500 

©»Hett. FERM BP-1 4 9 7«IMifttL 
fcL-a-7^/8ih7W^ -7-— tf MSttXAtt 

(«fB8B86 2-5 1 9 9 8^«#ffi) 0 £fc 
IC, FERM BP-1 4 9 9©f»liFERMBP- 
1 4 9 7t&M«Sr«tt*LfcD-a-7SyB»xT$ 

^—tfflSflHtSJIK'CfcS (WBIflBe 1-177993 

[0 0 2 7] rftfe<0»£»<B*fe|C, T'l/Wf^ 
A • Ty^-T^^ ( Brevibacteri um 
a mmo n i a g e n e s ) ATCC6 8 7 1, IrIA 
TCC1 3 74 5, I^ATCC13746; ^Utf/^^ 
fU [>A*f^!J^^A ( Brevibacteriu 
m divaricatum ) ATCC 1 40 20 
U-tT/^xy • y? h7r— (B r e v i 
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bacter iumlactofermentum ) A 
TCC13869 ; nJJ^/^ry £^ • 
( Corynebacter i urn glutamic 
urn ) ATC C 3 1 8 3 1 Uffl^S 

[0 0 2 8] 4*5, 

9^AMJ-2 3 3S*<D»»SrffiV^S»^, ***** 
ft^TfS^^^ KpBY5 0 2 (WHJH86 3 -3 6 7 

pBY5 0 2ar»*^a^i:dsai*U\ *oJ:5 4^ 
7^5KpBY5 0 2*»*-T5*Si: Ltd, 

[Ba c t. Rev. , 3 6 , 361-405 (197 
2) &M) o -LIS:/^*^ KpBYSO 2SrA»ftfc» 

[0 0 2 9] l&^t/WfcX^xJJ #A • 7 7^AM J — 

2 3 3<Dtki?tt% i £wmi-z>m&<DT? y 

V$M»S:0. 2-50/ig/ml) ^Kl^xf^ 
^P5K(»*:0. 2-5 0Mg/ml)*t4 
tf^Jfelc, lml 0«BJS^ft5J:5^««U 
£***£±fclfi*L4:&s&, »2 4W^3 3ttlg 

#2 B*SM-<5o aSL^p^-J^fe***^:/? 
* 5 KttttJi&f£<HrV\ ^7^$KpBY5 0 2 
Sixri/^aeSra^-rSo ^&ffr-J:9:/7*^ Kp 

BY 5 0 2&fo&£tl1t'7l'\f'<?7-))VJ> ' 77/U 
M J - 2 3 3 lil ;h,S. 

[0030] ±ea&^»^«o«BB«nki^?^^ Ktc 

J:S»«B*tt, tixa*Rtto*fe, «Jx.ffCa 1 v 
i n, N. M. and H a n a w a 1 t , P. C. , 
Journal of Bacter i o 1 o gy, 1 
7 0 , 2796 (1988) ; I t o . K. , Nish 
i da, T. and Izaki. K. , Agricu 
ltural and Biological Che 
mistry, 5 2 , 2 9 3 (1 9 8 8) Q<D Jtj&Kia 

(Sa t oh, Y. et a 1 . „ Journal o 
f Industrial Microbiolog 
y, _5, 1 5 9 (1 9 9 0) &M) +5 £ fcl J: *»fr 5 

[0031] ±ia©*ife"c»»tetftbr»fetta^t k 

Mfctf^fcr^^y *A • 7 7^UMJ-2 3 3 

~7\ Mr^^^, Iftry^e^^, 58&ry 



e>*is. *fc. *witLm «*rfy vh*-**# 

y y y 9 a, a«^^*v* a*3&s 

[0032] #mtts mm, m%mw, mm.m<D»%^ 
stoaaa-c^s^i^sso #§Si£*©pHtt5~ 

1 0, »*L<tt7~8tt5fffc-f 

O P HWfittRXfcT/U* y SrSHlP LT^Rr 5 r. t * 

%s 3E{C»*L<tt2-3**%-C*)5 0 Sfc, ttfitm 
[0 0 3 3] C©J;5lc:LT#?>*L5*»«|j*»b**S 

-f l -/< y y^6K««cffiffli-5 r. t j&s-c t 

[0034] LA»bT*«WlC«iHr. ±I5^#H#:X 
VXW: L —s< y ^Sr&rt* U ft S - *»« k-t&L- 

[0 0 3 5] *tt»&«<t«^WlDi--5rt*S-C*S«* 

TL-^ya-f^iiL-^y y«r±jiS-frL»s©!Ss 

[0 0 3 6] 
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[0 0 3 7] -gfem 1 -fW^tfy frA ' yy^h, 
MJ-2 3 3fc3lg<P5?fc Vu*->m7 t t K7^~f^^ 

It 

(A) yi/tV^ry • J - 2 3 3^ 

DNACDffltii 

¥£j**»A#JB :^2g, (HN 4 ) 2 SO 

4 7g, K 2 HP0 4 0. 5g, KH 2 P 0 4 
0. 5 g, Mg S0 4 0. 5 g, FeS0 4 * 7 H 2 

0 6mg, MnS0 4 • 4~6H 2 O 6mg. »S 
:n**2. 5g, *1f5y»5g, Wy2 0 0^ 

g, iSfr^2oo/i g , ^^2o g , 

7/UMJ-2 3 3 (FERM BP- 1 4 9 7) £*t 

£1 Omg/m 1 cD«ffilC V ^^r^tf 1 OtnM 

NaCl-20mMhy^Iffff (pH8. 0) -lm 
M EDTA-2Na«l 5m 1 (ORiBLfco #Ctc:/ 
nft^K^, *JH»ft3&Sl 00 m g/ml |Cft-5J: 

9 ?A 0. 5%(c«5 J: 5t-JB*P 
U sot-eeWMU^iit Canaan;:, 

1 0»IB*8^lcfflttLfc«, ±&*m*bftn (5, 

OOOXg, 2 0M 10-12t) U -h«flB4>* 

0, 7 0%^/-/V-0fti£Lfc«, m^Lfc, ftbft 
fcDNAlil OmMhy^iBWiK (pH7. 5) ~ 1 m 
M EDTA • 2Na«tt5ml *1P^ 4*fc-C— |ft# 

[0 0 3 8] (B) m»a»<oMK 

±E (A) 5"e#^U^^f!l ?A . 7 7/UMJ 
-2 3 3^DNAgSW9 0/i 1 frffiKB&liKp n I 
50units»\ 3 7t:"Cl^MSiS^^^ 
^mX^lto :OKpnI»»DNA^ * n—n>^< 
^-PUC118 GaB56±9rtfIO tMRB*Kp 
n I-eSJBrLfcfcWtffl'&U 5 OmMh 
(pH7. 6) , lOmMS^f^N ImM 
ATP, lOmM MgCl 2 ^UtT4 DNAy# 
— tf 1 un i to*n»t«awi (&/£#tf>$&ttgi& 

[0 0 3 9] (C) Ko^^»7 ff t K?^— ^*r = 
3!)ME5 3 6 1tfflV>Tfrofc 0 ±15 (B) *-0»f> 



r n a 1 of Mo lecular Biolog 
y, 5_3, 1 5 9 (1 9 7 0)] 9 fHE^S^ y fc 

r-=*yME 5 3 6 i«:?gK<Etftu rytvyyso 

m g Sr&tf »RJff» [K 2 HP0 4 7 g, KH 2 PO 
4 2g, (NH 4 ) 2 S0 4 lg.MgS0 4 -7 
H 2 O 0. 1 g, 0 g, n-f i/V2 Om 

g, f 7^1 mgMS^l 6 g$r«f*l y y 

[0040] z(Dffli±v>&iimt:iitmfrt9»wm 

U ^mm£*)7yx% KDNASrJftWU Wtfy*% 
K&ttRBBHK p n nc J; 9#«U T%v-x?;vm 

ftScHlftfflV^rill^fcir^ 7 P 7^^KpUC118 
©*S3. 2kb©DNAKtffc*Q*., g£#*J6. Ok 
bOffADNABr^Bftfcft*:. KDNA»rtf££ffi 

r©DNAW>t©*JI»B*fflBr^Jftia*iai ^-fo 
[0 0 4 1] mmW2 v>fc Yxi^lsmfrt K7*-Hf 

H160»ltf> (C) JSt?#&ttfc^t Kn^ffc^fc K9 
*-tf*a-Hr3«e**£tf*S*S>6. OkbcOD 
NASrfrfcOV^ ^^^^^^7^^ KpUCl 
1 8WpUC 1 1 9*m^Z>i?y**i/%? 
H^fe (dideoxy chain termina 
tionl) (Sahge F. etal. , Pro 
c. Nat. Acad. Sci. USA 74, 546 

3 (1 9 7 7) ] ^cfc 9 H 1 \^ L/ciMCtot^ 

[0 0 4 2] ^^S^fJt^7 P yy-f^^7 

-K-rsae^tt, aiaE?n*oBM## : it*-*-* 

giE?"J£*rf£6 1 2fflOT5/»Sr3-K-rSl 8 3 

6 commit 1 9 mm £ nt 

[QQ4 3] gatffis ^^las^^ijL^ 

7*7 ^ W^pCRY3 0<£>f£M 

(A) 7^7^^ KpBY5 0 3(Dl|i 
7*7*^ KpBYSO 3«, ^Hf/^r!) J* • 
ft^IF012144 (FERM BP-251 

5) d^5Mlt*nfc5H-*«)l o*#?A'YW?yx 
% KT?*>»K Wl-9 5 7 8 5*^«fcJB«0±5 

[0 04 4] ^*«JftA«fJft CS* 2 g , (NH 4 ) 
2 S0 4 7g, K 2 HP0 4 0. 5g, KH 2 PO 

4 0. 5g,MgS0 4 0. 5 g, FeS0 4 -7 
H z O 6mg.MnS0 4 • 4-6H 2 O 6mg, 
m&x.**2. 5g, ^f^/t5g v fftV2 0 0 
» g, 1SK^T5: V2 OO^g, ^3-^2 0 g&tf 

^®*i y y h^) IP* h/Wc, ^utf/^^y jrA 
. I FO 1 2 1 4 4Sr»Wt9mi9«»t-e 

SSL, «ff**aOfc. ^b^SMlOmg/ml 
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KP^r^f/l/) T^/^^y, lOmMOEDTA, 
5 0mM^n-7) 2 0ml{£Sg^U 37tri^ 
H£j££-£f£ 0 ErttfKtCT/^y-SDSifc CO. 2N 
N a OH v 1% (W/V) SDS) 4 0ml WD 

S«6 0mUSHl. 5 m K 35® 7K 2 8. 5ml 
<oa-&*] 3 0 m 1 SriSao U 3E»fift L-oe*** 

[0 0 4 5] *»4fe£J*3tifcfffc#U 4^1 0# 

H, 15, OOOXg^iti^lim, iaJKSrffl- 

a. a^ffi^u SitT-?5#Rk is, oooxg 
<o&foim\z.toi* 7km%\Ei&i,tc 0 7k©^2f&fi^ 
^/-/v*lo^ -2 0 < C-eifipffi#fi». 4t-cio 
#Kk is, o o o x g oa^dioa^ ttig£[H]iK 

[0 0 4 6] £fc®£«JE&*&&, TE^SffK (h!J*l 
OmM, EDTA ImM ; HC 1 CTpH8. 0 
$0 2mlfc**Lfc. »AWfcf^rV*A»tt (5 
ffiP»A©TEJH««l 0 Omllliftt^Al 7 0 g 
15mli:10mg/mlx^!)A 
^n-^>f K»»lml «r*Px."C, «tf«rl. 3 9 2 g/ 
mll^W;, r<0»tt«rl 2t:t»4 2«PM, 11 
6 , 0 0 0 x g ©»&4MBSrfTo fco 

[0 0 4 7] ^7*5 KpBYSO 3tt*^j|ftflRJt^J: 

v K*a**BT«&tf o«ffia»feSS fc £ - 1 <fc 9 . 

* 5 Kp B Y 5 0 3 **t^ff*fc 3Mlffi«- h y t> ^ 
JS»S:*»»«3 OmMfctSJDLfcfL 2«*:n*/- 
/HSriD*.* -2 O^l^Hf^ttbfco ^cogE^$rl5, 
0 0 0 x g<z>JS^»«l^^t-CDNAS:ttl»S*, ~fy 
5*KpBY503*50#i g#fc 0 
[0 0 4 8] (B) ~fy7s% K^^^-pCRY3 0 CO 

^7^^KpHSG2 9 8 (^®3§S) 0. 5/igMJ 
mmms a II (5 un i t s) £ 3 7 <C 1 WWRlS * 
HDNA«r^±fc»jKLfc D 8JIH (A) g 
T»MR Lfc:/? * S K p B Y 5 0 3 © 2 * g KfHRHS* 
Xhol (luni t) 4 3 7^3 0 $>BBKl£ 3 -S\ 

[0 0 4 9] ^m<0~?y X * KD N A#ft?*fe£r®<& U 



OmMh 5^jB*ttpH7. 6, lOmM MgC 
1 2 , lOmM^f^K ImM ATP^ 

tfT 4 D N A U if—M luni t tcafe* ± 5 

tx^xjj tr-^y jmio 9 3yffyFt;v 

[0 0 5 0]«eW30Mg/ml (*l*ft£) 
<Dj?1-^'(isy % 100 n g/m 1 (JM&Sft) CD 1 P 
TG W V^n l^/U- ^ - D-ft^7^ h tf7 / ^> 

K) 100/rg/ml COX-gal (5- 

^p^-4-^nn-3— fyKU/V-j5-D-^7^ 

hfy/i^K) Sr&tfL*» (hy^hvi Og, m& 
5 g . N a C 1 5 g XlfiKB* ID? b/K P 
H7. 2) ^3 7tfcT2 4B*IB#f*U LT 

DS&(T. Maniatis, E. F. Fritsc 
h % J. Sambrook^ Molecular co 
loning, 90-91 (1982) iCi: 

[0 0 5 1 ] ^COS*. 7y*% KpHSG298COS 
a 1 lUtiL^?*^ KpBY5 0 3&&<D$)4. 0k 
b<Dmfrfci$X£tlfc77X$ KpHSG298-or 

i tmbtitZo ?fe«cra«(0*ffi*rfflV\ «HB (A) Jg-C 
#^^^7^^ Kp BY 5 0 3DNA*fMKSBRKp 
n IRT1E c o R I {ZX%!imLX'&btlZ>ffo2. lkb 
C0DNA©f>i"4±l57 P 7^ 5 KpHSG298-ori 
OK p n I StfE c o R I flittlC^ ^7 
*S K^^-pCRY30$:IS!lfc o 

[00 5 2] |SW ^7^^ KpCRY30-DH 

K»*Kp n I 45 u n i t sfflV\ 3 7^1^ 
j£S*»#bfct>of:, 3I1S«3<Z) (B) «-C#^,tLfc 
Kp CRY 3 0 1^ gfrfflfSffiRKp n I I 
lunitW\ 3 7 < C^lNFFflS^^^fl?Lfc 
U 5 0 mM h y *«g$Tfg (pH7. 6) . 
lOmMW^KHK ImM AT P, 10m 
M MgCl 2 ioJ;t/T4 DNA!)^f-f luni t 

*ffl wc\ «rlB*fefcav^WfiB^^3i y t r • a y me 

5 3 6 l**«:JgJMEifeU *t^^5 0 /a g/m 1 
Sr&tril&Jgifc [K 2 HP0 4 7 g, KH 2 P0 4 
2g, (NH 4 ) 2 S0 4 lg, MgS0 4 • 7H 2 
O 0. lg, ^-7 2 0g, D>f^y20mg > 
fT^lmgMS^l 6g£r!gS*l y y hMOS 

[0 0 5 3] C <D*«±«>*Wflc*#flfeJC ± !9 
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fflV^TB^fet: 5, ^7^; K p C R Y 3 0 (DM £ 
8. 6 k bODNABrtffcJO*., *££6. Okb<DW 

[0 0 5 4] ±iao*D<p«$tvfcyy^^ KDNA 

• 7 7^AM J - 2 3 3 (FERM BP-1 4 9 7) 
77 *X KpBYSO 2»5feac*l 0 0ml ©ifttBAJjf 

h/mlKlft5J;5fc«^L"C, S 6> 2 I^RISafflF* 

*J8*JK (2 7 2 mM Sucrose, 7 mM KH 
2 P0 4 , lmM MgC 1 2 ;pH7. 4) KT&#- 

»2« 



E c o R I 3 

BamHI 1 

Kp n I 2 

Y3 0-DHt#£L?Co 

[0 0 5 6] maws ^yp^ ->: 



U^f^Lfc*/^-* ^ KpCRY30-DHt?» 
HCftSJlfc^Utf^^^y £A • 77^UMJ-2 3 
3«S\ 1 0ml (0«T|BA#« (fflU ^ 

o-3 3tti2-i6ttws wmi) 

ft^Attftfs (fflu ^^-^^n^ t ?(c2%^^y- 

/WSraan) 10 0ml fCiiuig^ffiS: 2%IIU 33^ 
»»*»WMB (3. 5 0 0 x g , 15 3MB) U 



L/c 0 Sb^lBft*»^4MiU-C«A, 5mltf5^ 
ffl**kl«S»L, 0. 7 5ml05jNejfifc, flrtE"e#6>*l 
tz-fyx* KDNA»«5 0 m 1 iijB'&U tK^KT 
2 0#IHIMIUfc. ^-^VHJ— Ktfc» 

2 5 00^h, 2 5mFDJCK£U^ 
^SrWao«**^2 0dHlf«Lfc. £*£3ml tf>Sfr 

1 5 ti g/m 1 (*»*£) 4r£tf»BA*3*#*ctt 
iL3Ot-C2^3 0ra»*Lfe. (UaLfc^tWi/ 
V»tt#J:3, «re%lfifl3 (A) *fcB«*>#S«:JB 

TIS^®2S(e:^i- 0 

[0 0 5 5] 
»2] 

7 P 7^^KpCRY30-DH 

1i0»r»rffg)*t$ (kb) 
8. 2, 4. 4, 2. 0 
14.6 
8. 6, 6. 0 

[0 0 5 7] #e>*tfc«f*:«r0. 5g/mlC9»^tC& 

&WM Uk**^«#tt*0!3 ( p o w e r 6 , 50 
^*2. 5minX40) LT*HflS*W#Lfc 0 w©*8 
Jft*ft*Srjt'L^« (8000rpm 60 4MB) U 
±i»*«»**«i: L,fc 0 KSfMkffi5 0 0 // 1 t TIB 

Oi|flJ*0>RjStt 5 0 0 v 1 SrjR^U 3 3t:"C2. 5f$ 

[0 0 5 8] 
»3] 





^3g KJ£*& 


1 OOmM 


y^yj'A^y^r^ (pH7. 2) 


1 0 0 mM 


fvi^y^hy #a 


5 OmM 


a-<Sr Kffi® 


1 0 OmM 




1 0 OmM 




2 3 g/1 


SHUT >-^^ 


0. 2mM 




10mg/l 




0.25 mM 


try K^*-yv5 f -yvs 


1 OmM 





[0 0 5 9] 2. 5BSBI«> 1 0 0t2m i n tf)f&#M 
lci9^tffjtS*fcasrt:KSriS-£?»(t (12, 0 

ooxg i5#ra) u ±»*^yn-r^*rita 

:/Ut:V^r y 9 A . 77^AMJ-2 3 3IPtt»(co 



[0 0 6 0] 
[*4] 

^Rifk&tt 2 0 mM 

©tttfc 1 0 mM 

[0 0 6 1] 
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[0 0 6 2] 

mi<0&£ : 1 8 3 6 

wm<om : mm 



ME^S^g : Genomic DNA 
tt£ : M J - 2 3 3 



CDS 
: 1-18 3 6 



ATG ATC 

Met lie 
1 

GGC GCT 

Gly Ala 

GGC AAG 
Gly Lys 

GGA CAC 
Gly His 
50 
CGC AAA 
Arg Lys 
65 

GAC GGC 
Asp Gly 

CGT GAA 
Arg Glu 

GCC GAC 
Ala Asp 

ATG CTC 
Met Leu 
130 
GGT GGC 
Gly Gly 
145 

CAC GCA 
His Ala 

GCA GTC 
Ala Val 

ACC TGT 
Thr Cys 



CCA CTT 
Pro Leu 

CGC GCC 
Arg Ala 
20 

CCA ATT 
Pro He 
35 

GTT CAC 
Val His 

GCC GGT 
Ala Gly 

ATC GCC 
He Ala 

ATC ATC 
lie lie 
100 
GCC ATG 
Ala Met 
115 

AAC GCA 
Asn Ala 

CCA ATG 
Pro Met 

CCA ACC 
Pro Thr 

GAC GAC 
Asp Asp 
180 
GGC TCC 
Gly Ser 
195 



CGT TCA 
Arg Ser 
5 

CTT TGG 
Leu Trp 

GTT GCC 
Val Ala 

CTT AAG 
Leu Lys 

GGC GTT 
Gly Val 
70 

ATG GGA 
Met Gly 
85 

GCC GAC 
Ala Asp 

GTG TGT 
Val Cys 

GCA ATG 
Ala Met 

GAA GCT 
Glu Ala 
150 
GAC CTC 
Asp Leu 
165 

GCA GGC 
Ala Gly 

TGC TCC 
Cys Ser 



AAA GTC 
Lys Val 

CGT GCC 
Arg Ala 

ATC GTG 
He Val 
40 
AAC GTC 
Asn Val 
55 

CCA AAA 
Pro Lys 

CAC GGC 
His Gly 

TCC GTC 
Ser Val 

ATC TCC 
He Ser 
120 
CGC CTG 
Arg Leu 
135 

GGC AAG 
Gly Lys 

ATC ACC 
lie Thr 

CTT GCA 
Leu Ala 

GGT ATG 
Gly Met 
200 



ACC ACC GTC 
Thr Thr Val 
10 

ACC GGC ACA 
Thr Gly Thr 
25 

AAC TCC TAC 
Asn Ser Tyr 

GGC GAT ATT 
Gly Asp lie 

GAA TTC AAC 
Glu Phe Asn 
75 

GGC ATG CTG 
Gly Met Leu 
90 

GAA TAC ATG 
Glu Tyr Met 
105 

AAC TGT GAC 
Asn Cys Asp 

AAC ATC CCA 
Asn lie Pro 

GCT GTC GTC 
Ala Val Val 
155 

GCG ATC TCC 
Ala He Ser 

170 
GCC GTT GAA 
Ala Val Glu 
185 

TTC ACC GCG 
Phe Thr Ala 



GGT CGC 
Gly Arg 

AAG GAA 
Lys Glu 

ACC CAG 
Thr Gin 

45 
GTG GCA 
Val Ala 
60 

ACC ATC 
Thr lie 

TAC TCC 
Tyr Ser 

GTC AAC 
Val Asn 

AAG ATC 
Lys He 
125 
GTG GTC 
Val Val 
140 

GTT GAC 
Val Asp 

GCA TCC 
Ala Ser 

GCA TCC 
Ala Ser 

AAC TCC 
Asn Ser 
205 



AAT GCA GCT 
Asn Ala Ala 
15 

AAT GAG TTC 
Asn Glu Phe 
30 

TTC GTG CCC 
Phe Val Pro 



GGC GTT GCA 
Gly Val Ala 
160 

GCA AGC GAT 
Ala Ser Asp 

175 
GCA TGC CCA 
Ala Cys Pro 
190 

ATG AAC TGC 
Met Asn Cys 



48 



96 



144 



GAT GCA GTG 192 
Asp Ala Val 

GCC GTC GAT 240 
Ala Val Asp 
80 

CTG CCA TCC 
Leu Pro Ser 
95 

GCA CAC ACC 
Ala His Thr 
110 

ACC CCA GGC 
Thr Pro Gly 



288 



336 



384 



TTC GTT TCC 432 
Phe Val Ser 



480 



528 



576 



624 
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CTC ACC 

Leu Thr 
210 

GCA ACC 

Ala Thr 
225 

GTC GTT 

Val Val 

CTG CCA 
Leu Pro 

CTG GAT 
Leu Asp 

GCA GCT 
Ala Ala 
290 
GAA CTG 
Glu Leu 
305 

GAC TAC 
Asp Tyr 

CTC GGC 
Leu Gly 

GTT CAC 
Val His 

TCT GGC 
Ser Gly 
370 
GGT GGC 
Gly Gly 
385 

GAA CTC 
Glu Leu 

GCC TAC 
Ala Tyr 

GAC GGC 
Asp Gly 

TTC ACC 
Phe Thr 
450 
GTC ATC 
Val He 



GAA GCT 
Glu Ala 

CAC GCA 
His Ala 

GAA CTG 
Glu Leu 

CGT GGC 
Arg Gly 
260 
ATG GCC 
Met Ala 
275 

GCC CAG 
Ala Gin 

TCC AAA 
Ser Lys 

CAC ATG 
His Met 

GAG CTC 
Glu Leu 
340 
TCC AAC 
Ser Asn 
355 

AAG ACC 
Lys Thr 

ATC CGC 
He Arg 

GAC ACC 
Asp Thr 

ACC GAC 
Thr Asp 
420 
GCA GTG 
Ala Val 
435 

GGA CCA 
Gly Pro 

CTG ACC 
Leu Thr 



CTG GGA 
Leu Gly 

GCA CGT 
Ala Arg 
230 
TGC CGC 
Cys Arg 
245 

ATT GCC 
lie Ala 

ATG GGT 
Met Gly 

GAA GGC 
Glu Gly 

AAC GTC 
Asn Val 
310 
GAA GAC 
Glu Asp 
325 

AAC CGC 
Asn Arg 

GAC CTT 
Asp Leu 

ACC GAA 
Thr Glu 

ACC ACC 
Thr Thr 
390 
GAC GCT 
Asp Ala 
405 

GGC GGC 
Gly Gly 

ATC AAG 
He Lys 

GCA CGA 
Ala Arg 

AAG ACC 
Lys Thr 



CTT TCT 
Leu Ser 
215 

CGC GCA 
Arg Ala 

CGC TAC 
Arg Tyr 

ACC AAG 
Thr Lys 

GGA TCC 
Gly Ser 
280 
GAA GTT 
Glu Val 
295 

CCC TGC 
Pro Cys 

GTC CAC 
Val His 

GGT GGC 
Gly Gly 

GAA GGT 
Glu Gly 
360 
GTA GCA 
Val Ala 
375 

GAA GCA 
Glu Ala 

GCC AAG 
Ala Lys 

CTG GTT 
Leu Val 

TCC GCA 
Ser Ala 
440 
GTT GTC 
Val Val 
455 

ATC CAA 
He Gin 



CTC CCA 
Leu Pro 

CTG TTT 
Leu Phe 

TAC GGT 
Tyr Gly 
250 
AAG GCA 
Lys Ala 
265 

ACC AAC 
Thr Asn 

GAC TTC 
Asp Phe 

CTG TCC 
Leu Ser 

CGC GCC 
Arg Ala 
330 
CTG CTG 
Leu Leu 
345 

TGG TTG 
Trp Leu 

ACC GAA 
Thr Glu 

TTC TCC 
Phe Ser 

GGC TGC 
Gly Cys 
410 
GTT CTT 
Val Leu 
425 

GGT ATC 
Gly He 

GAA AGC 
Glu Ser 

GCT GGC 
Ala Gly 



GGC AAC 
Gly Asn 
220 
GAA AAG 
Glu Lys 
235 

GAA GAA 
Glu Glu 

TTC GAA 
Phe Glu 

ACC ATC 
Thr He 

GAC CTC 
Asp Leu 
300 
AAG GTT 
Lys Val 
315 

GGT GGC 
Gly Gly 

AAT AAG 
Asn Lys 

GAT GAC 
Asp Asp 

CTC TTC 
Leu Phe 
380 
ACC GAG 
Thr Glu 
395 

ATC CGC 
He Arg 

CGC GGC 
Arg Gly 

GAA GAA 
Glu Glu 

CAG GAA 
Gin Glu 
460 
GAA GTT 
Glu Val 



GGC TCC ACC CTG 672 
Gly Ser Thr Leu 



GCC GGC GAA 
Ala Gly Glu 

GAC GAA TCC 
Asp Glu Ser 
255 

AAC GCA ATG 
Asn Ala Met 

270 
CTC CAC ATC 
Leu His He 
285 

GCA GAC ATC 
Ala Asp He 

GCA CCA AAC 
Ala Pro Asn 

ATT CCA GCA 
He Pro Ala 
335 

GAC GTC CAC 
Asp Val His 

350 
TGG GAT ATC 
Trp Asp He 
365 

CAC GCA GCC 
His Ala Ala 

AAC CGC TGG 
Asn Arg Trp 

GAC GTT GAA 
Asp Val Glu 
415 

AAC ATC TCC 
Asn He Ser 

430 
GAG CTG TGG 
Glu Leu Trp 
445 

GAG GCA GTC 
Glu Ala Val 



ACC 720 

Thr 

240 

GTT 768 
Val 

GCA 816 
Ala 

CTC 864 
Leu 

GAC 912 
Asp 

TCC 960 

Ser 

320 

CTG 1008 
Leu 

TCC 1056 
Ser 

CGC 1104 
Arg 

CCA 1152 
Pro 

GAC 1200 

Asp 

400 

CAC 1248 
His 

CCT 1296 
Pro 

AAC 1344 
Asn 

TCT 1392 
Ser 



CTG GTC GTC CGC 1440 
Leu Val Val Arg 
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465 










470 










TAC 


GAA 


GGC 


CCA 


TCA 


GCT 


GGA 


CCA 


GGC 




Tyr 


Glu 


Gly 


Pro 


Ser 
485 


Gly 


Gly 


Pro 


Gly 




ACC 


GCA 


rrc 


CTC 


AAG 


GGA 


TCC 


GGC 


CTG 




Thr 


Ala 


Phe 


Leu 
500 


Lys 


Gly 


Ser 


Gly 


Leu 
505 




ACC 


GAC 


GGC 


CGT 


TTC 


TCC 


GGA 


GGT 


TCC 




Thr 


Asp 


Gly 
515 


Arg 


Phe 


Ser 


Gly 


Gly 
520 


Ser 




GTC 


TCC 


CCA 


GAA 


GCA 


GCA 


CAC 


GGC 


GGA 




Val 


Ser 
530 


Pro 


Glu 


Ala 


Ala 


His 
535 


Gly 


Gly 




GGC 


GAC 


ATC 


GTT 


TCC 


ATC 


GAC 


GTT 


CAC 




Gly 


Asp 


He 


Val 


Ser 


He 


Asp 


Val 


His 




545 










550 










GTC 


TCC 


AAC 


GAG 


GAA 


CTC 


CAG 


CGC 


CGC 




Val 


Ser 


Asn 


Glu 


Glu 
565 


Leu 


Gin 


Arg 


Arg 




GAG 


AAG 


CCA 


TGG 


CAG 


CCA 


GTC 


AAC 


CGT 




Glu 


Lys 


Pro 


Trp 
580 


Gin 


Pro 


Val 


Asn 


Arg 
585 




CTG 


CGC 


GCA 


TAC 


GCA 


AAG 


ATG 


GCT 


ACC 




Leu 




Ala 
595 


Tvr 


Ala 


Lys 


Met 


Ala 
600 


Thr 




CGT 


CAG 


GTC 


GAC 














Arg 


Gin 
610 


Val 


Asp 
612 












[0 0 6 3] 
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475 
ATG CAG 
Met Gin 
490 

GGC AAG 
Gly Lys 

TCA GGA 
Ser Gly 

GTC ATT 
Val lie 

AAC CGC 
Asn Arg 
555 
CGC GAC 
Arg Asp 
570 

AAC CGC 
Asn Arg 

TCC GCT 
Ser Ala 



GAA ATG 
Glu Met 

AAG TGT 
Lys Cys 

CTG TCC 
Leu Ser 
525 
GGT CTG 
Gly Leu 
540 

AAG CTC 
Lys Leu 

GCT ATG 
Ala Met 

GTT GTC 
Val Val 

GAT AAG 
Asp Lys 
605 



480 

CTT CAC CCA 1488 
Leu His Pro 
495 

GCA CTG ATC 1536 
Ala Leu lie 
510 

ATC GGC CAC 1584 
He Gly His 

ATC GAA AAC 1632 
He Glu Asn 

GAA GTT CAG 1680 
Glu Val Gin 
560 

AAC GCC TCC 1728 
Asn Ala Ser 
575 

ACC AAG GCA 1776 
Thr Lys Ala 
590 

GGT GCA GTC 1824 
Gly Ala Val 

1836 



mi] 



ECpnl 



EcoRI EcoRl PstI Kpnl 

_J I I I 



lkb 



(51) Int. CI. 6 
C 1 2R 
(C 1 2N 
C 1 2R 



F I 



1:13) 
9/88 
1:13) 
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I, Motoko Yuasa, hereby certify that I am a qualified Japanese-English translator and I 
am fully familiar with the Japanese and English languages and that the attached 
translation of Japanese unexamined patent application publication (Kokai) No. H08- 
089249 is to the best of my knowledge an accurate and complete translation of the copy 
before me in the Japanese language. 

September 8, 2004 




Mctolco Yuasa (Patent Agent/Translator) 




CECELIA A. ROSS 
NOTARY PUBLIC - DELAWARE 
My Commission Expires Jan.5, 2005 



1143 Christina Mill Drive, Newark, Delaware 19711 U.S.A. Phone: 302 369 1518 Fax: 302 369 1618 
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TRANSLATION 

(19) Japanese Patent Office (JP) 
(12) Japanese Patent Official Gazette (A) 
(11) Patent Publication No.: H08-089249 
(43) Date of Publication: April 9, 1996 




(51) Int. CI 6 

C 12 N 15/09 
// C 12 N 9/88 

(C12N 15/09 



Symbol Office File No. FI 
ZNA 



ZNA 



Technical Description 



9281-4B C 12 N 15/00 ZNA A 

(C 12 N 15/00 ZNA A 



C12R 1:13 
(C12N 9/88 
C12R 1:13 
Examination Required?: No. 



No. of Claims: 5 OL (Total of 1 2 pages) 



(21) Application No. 

(22) Date of Filing: 
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(72) Inventor: 



(72) Inventor: 



(72) Inventor: 



H06-234612 
September 29, 1994 
000005968 
Masayuki Inui 
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3-1, Chuo 8-Chome, Ami-Cho, Inashiki, Ibaraki, Japan 
Miki Kobayasi 
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(72) Inventor: Hideaki Yukawa 

c/o Mitsubishi Yuka Kabushiki Kaisha 

Tsukuba Sogo Research Institute 

3-1 , Chuo 8-Chome, Ami-Cho, Inashiki, Ibaraki, Japan 

(74) Agent: Takanari Yamamoto, Patent Attorney 

(54) TITLE OF THE INVENTION: 

DNA FRAGMENT CONTAINING THE GENE ENCODING FOR DIHYDROXY- 
ACID DEHYDRATASE 

CONSTITUTION 

A DNA fragment containing the gene for encoding dihydroxy-acid dehydratase 
derived from a Coryneform bacterium. 

EFFECTS OF THE INVENTION 

The DNA fragment of the present invention is derived from a Coryneform 
bacterium which encodes for dihydroxy-acid dehydratase and is associated with the 
biosynthesis of L-isoleucine and L-valine in a living body and therefore can be utilized in 
these amino acid production. 
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WHAT IS CLAIMED IS: 

(Claim 1) A DNA fragment containing the gene that encodes for dihydroxy-acid 
dehydratase derived from a Coryneform bacterium. 

(Claim 2) The DNA fragment as set forth in Claim 1 wherein said Coryneform 
bacterium is Brevibacterium flavum MJ233. 

(Claim 3) The DNA fragment as set forth in Claim 2 wherein said DNA fragment 
has the Kpnl restriction sites on both ends and has 6.0 kb wherein said DNA fragment 
can be cut with each restriction enzyme listed in the table below at the number of 
recognition sites to give the fragment sizes listed in said table. 

(Claim 4) A DNA fragment containing the gene that encodes for dihydroxy-acid 
dehydratase expressed by the amino acid sequence as shown in Sequence Table 1. 

(Claim 5) A DNA fragment containing the gene that encodes for dihydroxy-acid 
dehydratase expressed by the DNA sequence as shown in Sequence Table 1. 
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DETAILED DESCRIPTION OF THE INVENTION 

0001 

TECHNICAL FIELD 

The present invention relates to the DNA gene that encodes for dihydroxy-acid 
dehydratase (EC 4.2.1.9) derived from a Coryneform bacterium. Dihydroxy-acid 
dehydratase is associated with the biosynthesis of L-isoleucine and L-valine in a living 
body and therefore can be utilized in amino acid production. 
0002 

RELATED ART 

Dihydroxy-acid dehydratase, one of the genes for the biosynthesis of isoleucine 
and valine, has been studied substantially utilizing Escherichia coli as disclosed in the 
Journal of Biological Chemistry , 261 , 244 1 -2450, 1 986. The primary structure of 
dihydroxy-acid dehydratase from Lactococcus lactis was also determined, and reported in 
the Journal of Bacteriology , 174 , 6580-6589, 1992. However, no report has been made 
with respect to the primary structure of the dihydroxy-acid dehydratase (EC 4.2.1.9) gene 
derived from a Coryneform bacterium, which is an industrially important bacterium. 
0003 

PROBLEM TO BE SOLVED 

The objective of the present invention is to provide a gene that encodes for 
dihydroxy-acid dehydratase (EC 4.2.1 .9) derived from a Coryneform bacterium. 
0004 

MEANS TO SOLVE THE PROBLEM 

The inventors carefully studied ways to achieve the objective and found that the 
dihydroxy-acid dehydratase gene can be isolated from the Brevibacterium flavum MJ233 
chromosome of Coryneform bacteria, thus completing the present invention. The present 
invention can provide a DNA fragment of the gene that encodes for the dihydroxy-acid 
dehydratase derived from a Coryneform bacterium. 
0005 

The present invention is described herein in further detail. The "DNA fragment 
containing the gene that encodes for dihydroxy-acid dehydratase" means that the DNA 
fragment containing the gene that encodes for the dihydroxy-acid dehydratase (EC 
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4.2.1.9) that synthesizes 2-keto-3-methylvaleric acid from 2, 3-dihydroxy-3- 
methylvaleric acid or that synthesizes 2-ketoisovaleric acid from 2, 3-dihydroxyisovaleric 

acid. 
0006 

The DNA fragment containing the gene that encodes for dihydroxy-acid 
dehydratase (occasionally referred to as the "fragment A" hereinafter) can be synthesized 
provided that the base sequence is determined. Nevertheless, fragment A is generally 
cloned in a microorganism capable of producing dihydroxy-acid dehydratase. 
Advantageous source microorganisms are Coryneform bacteria, more specifically, 
Brevibacterium Jlavum MJ233 (FERM BP- 1 497) and derivative strains thereof. 
0007 

An example of the basic operations required for preparing fragment A from the 
source microorganism is as follows: fragment A exists on the chromosome of the above 
Coryneform bacterium, for example, Brevibacterium Jlavum MJ233 (FERM BP- 1497). 
Therefore, fragment A can be isolated or obtained from the cut fragment prepared by 
digesting the chromosome thereof with an appropriate restriction enzyme in the following 
manner: 
0008 

First of all, the chromosomal DNA is extracted from colonies of the 
Brevibacterium flavum MJ233 strain. Next, the chromosomal DNA is completely 
digested with an appropriate restriction enzyme such as KpnI. The resulting DNA 
fragments are then inserted into an expression-vector, for example, pUC 1 18 for 
Escherichia coli manufactured by Takara Shuzo Co., Ltd., to transform the ME 5361 
therein, wherein ME 5361 is an isoleucine- and valine-requiring mutant strain without the 
dihydroxy-acid dehydratase gene. This strain is available at the Genetic Trial Organism 
Depository and Research Center of the National Institute of Genetics, located at 1 1 1 1 
Tanida, Mishima City, Shizuoka, 411, Japan, where it is deposited. The vectors are 
inoculated into a selective agar so as to obtain a transfected strain. Then, the plasmid 
DNA is extracted from the transfected strain thus obtained, and the DNA is analyzed 
utilizing a restriction enzyme. This is done to confirm whether the fragment A that is 
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derived from the Brevibacterium flavum MJ233 chromosome has been inserted into the 

plasmid vectors. 

0009 

The fragment A thus obtained is further digested with an appropriate restriction 
enzyme. The resulting DNA fragments are then inserted into plasmid vectors that are 
capable of replicating the DNA fragments in Escherichia coli. The plasmid vectors are 
introduced into the above described isoleucine- and valine-requiring mutant strain of 
Escherichia coli by any normal transformation induction such as the calcium chloride 
method, the electric pulsation method, or the like. The transformed bacterium is then 
inoculated into a selective medium. 
0010 

The plasmid DNA is extracted from the cells containing copies of the 
recombinant plasmid and is analyzed with a restriction enzyme. The presence of 
fragment A derived from the Brevibacterium flavum MJ233 strain chromosome inserted 
to the plasmid vector is thus confirmed. One type of the fragment A thus obtained has 
about 6.0 kb wherein this fragment A is produced by digesting the above Brevibacterium 
flavum MJ233 chromosome strain with Kpnl restriction enzyme. 
0011 

Listed in Table 1 below are the number of recognition sites and sizes of the 
fragments obtained as a result of cutting the DNA fragment containing the gene that 
encodes the dihydroxy-acid dehydratase with various restriction enzymes. In addition, 
Figure 1 is a restriction map of the DNA fragment. 
0012 

TABLE 1 



Restriction Enzyme 


No. of Recognition Sites 


Fragment Size (kb) 


EcoRI 


2 


1.7, 2.0,2.3 


BamHI 


0 


6.0 


PstI 


1 


5.0, 1.0 



0013 
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Note that in this specification, the "number of recognition sites" recognized by the 
restriction enzyme is the number of fragments that can be separated by the step of 
completely digesting the DNA fragments or plasmids in the presence of a restriction 
enzyme and the step of separating the cleavage products by gel electrophoresis utilizing 
1 % agarose and 5% polyacrylamide gels. 
0014 

Also, the size of the "[DNA] fragment" and the size of the plasmid are determined 
in the following manner: if agarose-gel electrophoresis is selected, the size of each DNA 
fragment is computed on the basis of a standard curve plotting the distance that a DNA 
fragment of known molecular weight travels on the same agarose gel, wherein the DNA 
fragment of known molecular weight is obtained by digesting the DNA of the X phage in 
Escherichia coli with the Hind III restriction enzyme; if polyacryl amide-gel 
electrophoresis is selected, the size of each DNA fragment is computed on the basis of a 
standard curve plotting the distance that a DNA fragment of known molecular weight 
travels on the same polyacrylamide gel, wherein the DNA fragment of known molecular 
weight is obtained by digesting the Ox- 174 phage in Escherichia coli with the Hae III 
restriction enzyme. The size of the plasmid is the sum of each fragment size. Note that 
in determining the size of each DNA fragment, a size of 1 kb or larger is obtained by 
using the results from the 1% agarose-gel electrophoresis, and a fragment size within a 
range of about 0.1-1 kb is obtained by using the results of the 4% polyacrylamide-gel 
electrophoresis. 
0015 

On the other hand, with respect to the DNA fragment of about 6.0 kb obtained by 
digesting the Brevibacterium flavum MJ233 chromosome DNA with Kpnl restriction 
enzyme, the base sequence thereof can be determined by the dideoxy chain termination 
method proposed by Sanger, F. et. al, disclosed in the Proceedings of National Academy 
of Sciences. USA . 74, 5463, 1977. The gene that encodes for the dihydroxy-acid 
dehydratase is determined by utilizing the presence of the open reading frame which 
reads the base sequence of the DNA fragment of about 6.0 kb identified by the previously 
described manner: The gene has the sequence listed as Sequence Number 1 in the 
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sequence table described later and is constructed from 1836 base pairs encoding 612 

amino acids. 

0016 

The DNA fragment containing the gene that encodes for the dihydroxy-acid 
dehydratase of the present invention containing the base sequence listed with Sequence 
Number 1 in the sequence table which is described later, may be the one isolated from the 
natural Corynebacterium flavum MJ233 chromosomal DNA. Alternatively, it may be the 
one synthesized by a DNA synthesizer, the example usually selected being the 394 
DNA/RNA Synthesizer manufactured by Applied Biosystems Company. 
0017 

The DNA fragment of the present invention thus obtained from the 
Brevibacterium flavum MJ233 chromosomal DNA may have the following sequence 
[modifications] as long as the DNA fragment does not substantially deteriorate the 
dihydroxy-acid dehydratase encoding: a portion of the bases constructing the DNA 
fragment may be replaced with other bases or may be deleted; new bases may be inserted 
into the DNA fragment; a portion of the base sequence thereof may be translocated. The 
DNA fragment containing the gene that encodes for the dihydroxy-acid dehydratase of 
the present invention includes any of these derivatives. 
0018 

If the DNA fragment or fragment A containing the gene that encodes the 
dihydroxy-acid dehydratase of this invention is introduced into an appropriate plasmid 
vector, for example, the plasmid vector that contains at least the gene that regulates 
replication and proliferation thereof in the Coryneform bacterium, the recombinant 
plasmid can substantially express dihydroxy-acid dehydratase in a Coryneform bacterium. 
0019 

The promoter that expresses the gene that encodes for the dihydroxy-acid 
dehydratase of the present invention can be the promoter of the gene itself, which the 
Coryneform bacterium possesses. However, it is not limited to this, and any promoter 
can be selected as long as the promoter has the base sequence, derived from a prokaryote, 
which is required for starting transcription of the dihydroxy-acid dehydratase gene. 
0020 
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Plasmid vectors that contain at least the gene regulating replication and 
proliferation in the Coryneform bacterium and that introduces the fragment A include the 
following: pCRY 30 that was disclosed in Japanese unexamined patent application 
publication (Kokai) No. H03-210184; pCRY 21, pCRY 2KE, pCRY 2KX, pCRY 31, 
pCRY 3KE, and pCRY 3KX that are disclosed in Japanese unexamined patent 
application publication No. H02-276575; pCRY2 and pCRY3 that are disclosed in 
Japanese unexamined patent application publication No. H01-191686; pAM 330 that is 
disclosed in Japanese unexamined patent application publication No. S58-67679; pHM 
1519 that is disclosed in Japanese unexamined patent application publication No. S58- 
77895; pAJ 655, pAJ 61 1 , and pAJ 1 844 that are disclosed in Japanese unexamined 
patent application publication No. S58-1 92900; pCG 1 that is disclosed in Japanese 
unexamined patent application publication No. S57- 134500; pCG 2 that is disclosed in 
Japanese unexamined patent application publication No. S58-35197; pCG 4 and pCG 1 1 
that are disclosed in Japanese unexamined patent application publication No. S57-1 83799, 
and the like. 
0021 

A preferable host vector system for the Coryneform bacteria should have one 
gene regulating replication and proliferation of the plasmids in the Coryneform bacteria 
and another gene regulating stabilization of the plasmids therein. Examples of preferable 
plasmids include pCRY 30, pCRY 21, pCRY 2KE, pCRY 2KE [the original text is 
redundant], pCRY 2KX, pCRY 3 1 , pCRY 3KE and pCRY 3KX, and the like. 
0022 

Methods of preparing the above plasmid vectors have steps comprising: extraction 
of the pBY 503 (See Japanese unexamined patent application publication No. H01- 
95785) from Brevibacterium stationis IFO 12144 (FERM BP-2515); cutting a DNA 
fragment of about 4.0 kb (hereinafter referred to as the "replication domain") containing 
the gene regulating the replication and proliferation of the plasmid with Xhol restriction 
enzyme; and cutting another DNA fragment of about 2.1 kb (hereinafter referred to as the 
"stabilization domain") containing the gene regulating stabilization of the plasmid with 
EcoRI and Kpnl restriction enzymes. 
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The plasmid vector pCRY 30 is prepared by integrating these fragments at the 
EcoRI site, Kpnl site, and sail site of the pHSG 298 plasmid manufactured by Takara 
Shuzo Co., Ltd. 
0023 

A fragment A of the present invention can be introduced to the above plasmid 
vector in the following manner, for example: cleaving a single restriction site that exists 
in the plasmid vector with the restriction enzyme; and treating the fragment A and the 
cleaved plasmid vector with SI nuclease on an as needed basis to form blunt ends, or 
treating the fragment A and the cleaved plasmid vector with a DNA ligase in the presence 
of an appropriate adaptor to ligate them. 
0024 

A fragment A of the present invention can be introduced to the pCRY 30 plasmid 
vector in the following manner: cleaving the pCRY 30 plasmid with Kpnl restriction 
enzyme; and ligating the DNA fragment (fragment A) containing the gene that encodes 
the dihydroxy-acid dehydratase with a DNA ligase. The inventors named the 
recombinant plasmid having the fragment A of about 6.0 kb as the pCRY 30-DH plasmid. 
The method of preparing the pCRY 30-DH plasmid is described in detail later. 
0025 

The plasmid thus produced, which contains the gene that encodes for dihydroxy- 
acid dehydratase and can be replicated and proliferated in Coryneform bacteria, may be 
introduced to a host microorganism to take advantage of colonies of bacterial clones. 
Hence, L-isoleucine or L-valine can be produced stably and efficiently. Host 
microorganisms that can be transfected with the plasmid of the present invention include 
Coryneform bacteria such as Brevibacterium flavum MJ233 (FERM BP- 1497), 
Brevibacterium flavum MJ233-AB-41 (FERM BP-1498), Brevibacterium flavum MJ233- 
ABT-1 1 (FERM BP- 1500), Brevibacterium flavum MJ233-ABD-21 (FERM BP- 1499), 
and the like. 
0026 

Note that the FERM BP-1498 strain, that has the FERM BP- 1497 strain as its 
parent and is given an aggressive resistance against DL-a-aminobutyric acid, produces a 
microorganism that can utilize ethanol (Columns 3-4, Japanese examined patent 
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application publication (Kokoku) No. S59-28398). The FERM BP-1500 strain, whose 
parent is FERM BP- 1497, has a highly active mutant strain of L-a-aminobutyrate 
transaminase (Japanese unexamined patent application publication No. S62-51998). The 
FERM BP- 1499 strain, whose parent is FERM BP- 1497, has a highly active mutant strain 
of D-a-aminobutyrate deaminase (Japanese unexamined patent application publication 
No. S61-177993). 
0027 

Besides the above microorganisms, host microorganisms such as Brevibacterium 
ammoniagenes of ATCC 6871, ATCC 13745, and ATCC 13746; Brevibacterium 
divaricatum ATCC 14020; Brevibacterium lactofermentum ATCC 13869, 
Corynebacterium glutamicum ATCC 31831, and the like can be used as well. 
0028 

If a strain derived from Brevibacterium flavum MJ233 is selected for a host, the 
presence of the pBY 502 plasmid thereof, which is disclosed in Japanese unexamined 
patent application publication No. S63-36787, makes transformation difficult. Therefore, 
it is desirable that the pBY 502 plasmid be removed therefrom. The pBY 502 plasmid 
may be removed, for example, by subculturing until it disappears naturally. Alternatively, 
it may be artificially removed in the manner as disclosed in the Bact. Rev. . 36. 361 ~ 405, 
1972. An example of artificial removal of the pBY 502 plasmid is described below. 
0029 

The host, Brevibacterium flavum MJ233, is inoculated at about 10 cells/mL on a 
medium containing acridine orange at a concentration of 0.2-50 ug/mL or ethidium 
bromide at a concentration of 0.2-50 ug/mL to maintain the concentration at a level that 
does not completely inhibit the growth of the host. The culture medium is then incubated 
at about 33 °C for about 24 hours while incompletely inhibiting the growth of the host. 
The culture medium is next diluted and inoculated into an agar culture, followed by 
incubation at about 33 °C for about two days. A plasmid is extracted from each colony 
independently. The strain from which the pBY 502 plasmid has been removed is thus 
selected. The strain without the pBY 502 plasmid derived from Brevibacterium flavum 
MJ233 is obtained in this way. 
0030 
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A host organism can be transformed by utilizing a recombinant plasmid prepared 
by any one of the known methods, for example, the method described in publications 
disclosed by Calvin, N. M., and Hanawalt, P.C. in the Journal of Bacteriology , 170, 2796, 
1988; or the method disclosed by Ito, K., Nishida, T., and Izaki, K. in Agricultural and 
Biological Chemistry , 52, 293, 1988; or for example, by conducting an electric pulse 
through a host bacterium (See Satoh, Y., et al., Journal of Industrial Microbiology , 5, 159, 
1990). 
0031 

The method of cultivating Brevibacterium jlavum MJ233, which is the strain with 
the dihyroxy-acid dehydratase-producing capability derived from a Coryneform 
bacterium through the above transformation, is described herein. The culture medium 
may be any nutrient culture medium containing a carbon source, a nitrogen source, an 
inorganic salt, and the like. The carbon source may be, for example, glucose, ethanol, 
methanol, molasses, or the like. The nitrogen source may be, for example, ammonia, 
ammonium sulfate, ammonium chloride, ammonium nitrate, urea, or the like. The 
inorganic salt may be, for example, potassium phosphate, dibasic, potassium dihydrogen 
phosphate, magnesium sulfate, or the like. In addition, nutrients such as various vitamins 
represented by peptone, meat extract, yeast extract, cornsteep liquor, casamino acids, 
biotin, or the like may be added to the culture medium as well. 
0032 

Usually, incubation is carried out under aerobic conditions utilizing aeration 
stirring, shaking, or the like at about 20-40 °C, more preferably at about 25-35 °C. The 
pH during incubation can be 5-10, more preferably in the neighborhood of 7-8, and can 
be adjusted by adding acid or alkali to the medium. A preferable carbon source 
concentration at the time of initial incubation is 1-5 volume %, more preferably, 2-3 
volume %. A usual incubation duration can be as long as 1-7 days, more preferably 
[typo, "saiko"] 3 days. 
0033 

The cells that are collected from each of the colonies thus obtained and washed 
with water or an appropriate buffer, can be used as is in the production of L-isoleucine or 
L-valine. Alternatively, these cells may be lysed utilizing ultrasound, or may be used as a 
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crude enzyme or purified enzyme. These cells may also be fixed onto an appropriate 
carrier. The lysate, crude or purified enzyme, or fixed cells are collectively called 
"processed cell product" in this specification. 
0034 

The present invention provides a method of producing L-isoleucine or L-valine 
wherein the reaction with an enzyme that occurs in the presence of the above incubated 
cell lines or processed cell products in an aqueous reaction mixture containing a carbon 
source and nitrogen source. Usually, the above enzyme reaction can be carried out within 
a range of about 20-40 °C, more preferably within a range of about 25~35°C. 
0035 

Any carbon source and nitrogen source that are usually selected for nutrient media 
may be added to the aqueous reaction mixture. In addition, any inorganic salt or the like 
that can be used for a regular nutrient medium may be added to the above aqueous 
reaction mixture. Particularly, if the host microorganism capable of carrying out 
transformation in the presence of the plasmid of the present invention is the biotin- 
requiring Coryneform bacterium, it is preferable that L-isoleucine or L-valine is produced 
in the aqueous reaction mixture that contains the cells, or the cell product to which the 
cells are fixed in the manner described above, a carbon source and nitrogen source at a 
minimum, but the aqueous reaction mixture should not contain biotin to cause required 
reaction in the presence of an enzyme therein. In this case, the biotin-requiring 
Coryneform bacteria will not grow in the aqueous reaction mixture in which biotin is 
substantially absent. Nevertheless, L-isoleucine or L-valine is still produced because the 
carbon source or nitrogen source causes energy coupling in the metabolic system of the 
cell being catalyzed by an enzyme. 
EMBODIMENTS 

The present invention described above will be described in detail with reference 
to the embodiments below. 
0037 

EMBODIMENT 1 CLONING OF A DNA FRAGMENT (FRAGMENT A) 
CONTAINING THE GENE ENCODING FOR DIHYDROXY-ACID 
DEHYDRATASE DERIVED FROM BRE VISA CTERIUM FLA VUM MJ233 
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(A) EXTRACTION OF THE ENTIRE DNA OF BRE VIE A CTERIUM FLA VUM 
MJ233 

In one liter of semi-synthetic culture medium A, Brevibacterium flavum MJ233 
(FERM BP- 1497) was incubated until it reached the last-half phase of the logarithmic 
growth period to collect colonies therefrom, wherein the culture medium A had a 
composition comprising: 2 g of urea; 7 g of (H 4 N) 2 S0 4 ; 0.5 g of K 2 HP0 4 ; 0.5 g of 
KH 2 P0 4 ; 0.5 g of MgS0 4 ; 6 mg of FeS0 4 (7H 2 0); 6 mg of MnS0 4 (4~6H 2 0); 2.5 g of 
yeast extract; 5 g of casamino acid; 200 jag of biotin; 200 jig of thiamine hydrochloride; 
20 g of glucose; and 1 liter of distilled water. The colonies thus obtained were next 
suspended in 15 mL of 10 mM NaCl - 20mM tris buffer (pH 8.0) - ImM Na 2 EDTA 
solution at a concentration of 10 mg/mL containing lysozyme. Next, proteinase K was 
added to give a final concentration of 100 ^ig/mL and the medium was kept at 37 °C for 
one hour. Sodium dodecyl sulfate was added thereto to further give a final concentration 
of 0.5% and the medium was kept at 50 °C for 6 hours to cause bacteriolysis therein. To 
the bacteriolysed solution, an equal volume of a phenol/chloroform solution was added 
and the medium was gently shaken for 10 minutes at room temperature. Then, the entire 
amount of the bacteriolysed solution was centrifuged at 5,000 g for 20 minutes at 10-12 
°C. The supernatant fraction was separated and sodium acetate was added thereto to give 
a molarity of 0.3M. Then, a 2-fold amount of ethanol was slowly added thereto. The 
DNA that was present between the aqueous layer and ethanol layer was rolled up around 
a glass rod, and then, washed with a 70% ethanol and dried. A 5 mL volume of the 
lOmM tris buffer (pH 7.5)- ImM Na 2 EDTA solution was added to the DNA thus obtained. 
The mixture was allowed to stand overnight at 4 °C for use in the following experiments. 
0038 

(B) RECOMBINANT DNA PRODUCTION 

Ninety liters of the total DNA solution of Brevibacterium flavum MJ233 obtained 
in Section (A) above was completely digested with 50 units of Kpnl restriction enzyme at 
37 °C for one hour. The DNA that was digested with Kpnl was mixed with the fragments 
prepared by cutting the cloning vector pUCl 18, which is sold by Takara Shuzo Co., Ltd., 
with Kpnl restriction enzyme. Both components, 50mM of pH 7.6 tris buffer, lOmM 
dithiothreitol, ImM ATP, lOmM MgCl 2 , and one unit of T4 DNA ligase were added to 
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the mixture and this was allowed to react at 4 °C for 1 5 hours to ligate the vector wherein 

the concentration of each component is the final concentration herein. 

0039 

(C) SELECTION OF PLASMIDS CONTAINING THE GENE ENCODING FOR 
DIHYDROXY-ACID DEHYDRATASE 

The above gene was selected by utilizing the mutant strain Escherichia coli ME 
5361. The Escherichia coli ME 5361 was then transformed with the plasmid in the 
solution obtained in Section (B) above by the sodium chloride method as described in the 
Journal of Molecular Biology . 53, 159, 1970. The mixture was inoculated into a selective 
medium containing 50 mg of ampicillin wherein the selective medium contained 7 g of 
K 2 HP0 4 ; 2 g of KH 2 P0 4 ; 1 g of (NH 4 ) 2 S0 4 ; 0.1 g of MgS0 4 (7H 2 0); 20 g of glucose; 20 
mg of leucine; 1 mg of thiamine; 16 g of agar; and 1 liter of distilled water. 
0040 

The strain [sic, colonies] grown on this medium was incubated by a normal 
method and the plasmid DNA was extracted therefrom. The plasmids were cut with 
Kpnl restriction enzyme and analyzed by the agarose-gel electrophoresis. It was 
confirmed that a DNA insert of about 6.0 kb was present in the plasmid in addition to the 
DNA fragment of the pUC 1 18 of about 3.2 kb. 
0041 

EMBODIMENT 2 

DETERMINATION OF THE BASE SEQUENCE OF THE GENE ENCODING 
FOR DIHYDROXY-ACID DEHYDRATASE 

The base sequence of the DNA fragment of about 6.0 kb containing the gene 
encoding dihydroxy-acid dehydratase obtained in Section (C) of Embodiment 1 was 
determined by the dideoxy chain termination method in which pUC 1 1 8 and pUC 119 
plasmids were utilized in accordance with the strategic [sic, restriction] map as shown in 
Figure 1, wherein the dideoxy chain termination method was disclosed by Sanger, F. et 
al., in the Proceedings of National Academy of Science USA . 74, 5453, 1977. 
0042 

The gene encoding dihydroxy-acid dehydratase was determined by utilizing the 
open reading frame, which is present in a DNA [strand]: The gene was configured with 
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1836 base pairs that encode 612 amino acids having the base sequence expressed by 

Sequence Number 1 of the sequence table described later. 

0043 

EMBODIMENT 3 

PRODUCTION OF pCRY30 PLASMID VECTOR BEING STABLE AND 
CAPABLE OF REPLICATING IN CORYNEFORM BACTERIA 
[(A)] PREPARATION OF pBY 503 PLASMID 

The pBY 503 plasmid having a molecular weight of about 10 megadalton was 
isolated from Brevibacterium stationis IFO 12144 (FERM BP-2515), which was prepared 
by the method described in Japanese unexamined patent application publication No. H01- 
095785. 
0044 

The cells of Brevibacterium stationis IFO 12144 were collected by incubating a 
semi-synthesized culture medium until the cell growth reach the last-half phase of the 
logarithmic growth period in 1 liter of culture medium A, wherein the culture medium A 
contained 2 g of urea; 7 g of (H 4 N) 2 S0 4 ; 0.5 g of K 2 HP0 4 ; 0.5 g of KH 2 P0 4 ; 0.5 g of 
MgS0 4 ; 6 mg of FeS0 4 (7H 2 0); 6 mg of MnS0 4 (4~6H 2 0); 2.5 g of yeast extract; 5 g of 
casamino acid; 200 ug of biotin; 200 ug of thiamine hydrochloride; 20 g of glucose; and 
1 liter of distilled water. The colonies thus obtained were then suspended in 20 mL of 
buffer containing lysozyme at a concentration of 10 mg/mL and allowed to react at 37 °C 
for one hour, wherein the buffer contained 25 mM of tris (hydroxylmethyl) amino 
methane; 10 mM of EDTA; and 50 mM of glucose. A 40 mL portion of the SDS solution 
containing 0.2N NaOH and 1% (w/v) SDS was added to the reaction solution. The 
mixture was then gently mixed and allowed to stand at a room temperature for 15 
minutes. Next, 30 mL of potassium acetate solution was added to the reaction mixture 
and the contents were thoroughly mixed. The mixture was then allowed to stand in an ice 
bath for 15 minutes, wherein the potassium acetate solution was a mixture of 60 mL of 
5M potassium acetate solution, 1 1.5 mL of acetic acid, and 28.5 mL of distilled water. 
0045 

The entire amount of the bacteriolysed solution was transferred to a centrifuge 
tube and was centrifuged at 15,000 g for 10 minutes at 4 °C to obtain the supernatant. An 
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equal volume of a phenol chloroform solution (phenol/chloroform =1:1) was added to 
suspend the supernatant. This suspension was transferred to a centrifuge tube and 
centrifuged at 15,000 g at room temperature for 5 minutes, after which the aqueous layer 
was collected. A 2-fold amount of ethanol was added to the aqueous layer and the 
mixture was allowed to stand at -20 °C for one hour, and was then centrifuged at 4 °C for 
10 minutes at 15,000 g. The resulting precipitate [sic, sediment] was collected. 
0046 

The precipitates [sic, sediments] were vacuum dried and dissolved into 2 mL of 
TE buffer, wherein the TE buffer was a mixture of lOmM tris and ImM of EDTA, and 
was adjusted "to pH 8.0 by addition of HC1. A 15 mL portion of cesium chloride solution 
and lmL of a 10 mg/mL ethidium bromide solution were added to the mixture to give a 
density of 1.392 g/mL, wherein the cesium chloride solution was prepared by dissolving 
170 g of cesium chloride into 100 mL of the TE buffer of 5-fold concentrations. The 
resulting solution was centrifuged at 1 16,000 g at 12 °C for 42 hours. 
0047 

The pBY503 plasmid can be identified as a lower band in the centrifuge tube 
upon irradiation of UV light. The fraction containing the pBY 503 plasmid was obtained 
by taking the band by a syringe through the side surface of the centrifuge tube. Then, this 
fraction was treated 4 times with an equal volume of isoamyl alcohol to remove the 
ethidium bromide by extraction. The residual fraction was dialyzed against the TE buffer. 
A 3M sodium acetate solution was added to the dialyzed solution containing the pBY503 
plasmid thus obtained to give a final concentration of 30mM. Then, a 2-fold amount of 
ethanol was added to the solution and the mixture was allowed to stand at -20 °C for one 
hour. The solution was centrifuged at 15,000 g to cause DNA sedimentation, and 50 ug 
of the pBY plasmid was thus obtained. 
0048 

(B) PRODUCTION OF pCRY30 PLASMID VECTOR 

Five units of Sal I restriction enzyme was allowed to react with 0.5 ug of the 
pHSG298 plasmid manufactured by Takara Shuzo Co., Ltd at 37 °C for one hour to 
completely digest the plasmid DNA. Next, 1 unit of the Xhol restriction enzyme was 
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allowed to react with 2 ng of the pBY503 plasmid at 37 °C for 30 minutes to partially 

digest the plasmid DNA. 

0049 

Both of the DNA cleavage products were mixed and heated at 65 °C for 10 
minutes to inactivate the restriction enzymes. Then, each component was enhanced in 
the inactive solution to give a final concentration of 50 mM of pH 7.6 tris buffer; 10 mM 
in MgCl 2 ; 10mM in dithiothreitol; 1 mM for ATP; and 1 unit for T4 DNA ligase. The 
solution was kept at 16 °C for 15 hours. The Escherichia coli JM 109 competent cell 
manufactured by Takara Shuzo Co., Ltd. was transformed utilizing this solution. 
0050 

The recombinant strain was incubated in the L culture medium at 37 °C for 24 
hours to obtain a viable strain, wherein the L-culture medium contained kanamycin at a 
final concentration of 30 ng/mL; IPTG (isopropyl-p-D-galactopyranoside) at the final 
concentration of 100 ug/mL; X-gal (5-bromo-4-chloro-3-indolyl-(3-D-galactopyranoside). 
Among these viable strains, those that grew in white colonies were selected, and each 
plasmid was extracted by the alkali-SDS [gel-electrophoresis] (See T. Maniatis, E. F. 
Fritsch, J. Sambrook, Molecular Cloning , 90-91, 1982). 
0051 

As a result, the pHSG298-ori plasmid was obtained, in which a fragment of about 
4.0 kb derived from the pBY 503 was inserted to the Sail site of the pHSG298 plasmid. 
Now, using the same method previously described, the DNA fragment of about 2.1 kb 
was cloned between the Kpnl and EcoRI sites of the pHSG298-ori plasmid, wherein the 
DNA fragment was obtained by digesting the pBY503 DNA prepared in Section (A) with 
Kpnl and EcoRI restriction enzymes. The pCRY30 plasmid vector was thus prepared. 
0052 

PRODUCTION OF PLASMID pCRY 30-DH AND INTRODUCTION THEREOF 
INTO CORYNEFORM BACTERIUM 

Five micrograms of the plasmid obtained in Section (C) of Embodiment 1 that 
contains the gene encoding dehydroxy-acid dehydratase was digested with 5 units of the 
Kpnl restriction enzyme at 37 °C for one hour. A 1 ug portion of the pCRY 30 plasmid 
obtained in Section (B) of Embodiment 3 was digested with 1 unit of the KpnII 
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restriction enzyme at 37 °C for one hour. The above two plasmids were mixed together, 
and 50 mM pH 7.6 tris buffer, 10 mM of dithiothreitol, 1 mM of ATP, 10 mM of MgCl 2 , 
and 1 unit of T4 DNA ligase was added to the mixture to ligate the plasmid vector 
[pCRY30] by reaction at 12 °C for 15 hours. The Escherichia coli ME 5361 strain was 
transformed by the above method utilizing the plasmid thus obtained and was inoculated 
into a selective culture medium containing 50g /mL of kanamycin, wherein this selective 
culture medium was prepared by dissolving 7 g of K 2 HP0 4 ; 1 g of (NH4) 2 S0 4 ; 0.1 g of 
MgS0 4 (7H 2 0); 20 g of glucose; 20 mg of leucine, 1 mg of thiamine, and 16 g of agar 
into 1 liter of distilled water. 
0053 

The strain grown in the liquid medium was incubated by a normal method. The 
plasmid DNA was extracted from the liquid medium, cut with a restriction enzyme, and 
analyzed by agarose-gel electrophoresis. It was confirmed that a DNA insert of 6.0 kb 
was present in the plasmid DNA, in addition to the DNA fragment of the pCRY 30 
plasmid of 8.6 kb. 
0054 

The plasmid DNA thus prepared was transformed into a Coryneform bacterium 
by electric pulsation. The Brevibacterium flavum MJ233 (FERM BP- 1497) without the 
pBY 502 plasmid the medium A was incubated until the cell growth reached the last half 
of the logarithmic growth. Penicillin G was added thereto to give a concentration of 1 
unit/mL and the medium A was further incubated for 2 hours. The cells were centrifuged, 
collected, and washed with 20 mL of the pulsation solution, which is a mixture of 272 
mM of sucrose, 7mM of KH 2 P0 4 , and ImM of MgCl 2 at pH 7.4. The cells [sic, 
sediments] were further centrifuged and suspended with 5 mL of the pulsation solution. 
A 0.75 mL portion of the cells [sic, sediments] and 50 uL of the DNA plasmid solution 
were mixed and allowed to stand in a water bath for 20 minutes. Electric pulsation was 
applied to the mixture with a Gene Pulser manufactured by Biorad Laboratories at 2500 
volts and 25 nFD. Then, the mixture was allowed to stand in an ice bath for 20 minutes. 
The entire amount of the mixture was transferred to 3 mL of the medium A, which was 
then incubated at 30 °C for one hour. Next, the mixture was inoculated into agar culture 
A containing kanamycin at the final concentration of 15 ug/mL and incubated at 30 °C 
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for 2-3 days. These plasmids were selected for the kanamycin resistant strains [sic, 

colonies] in the manner described in Section (A) of Embodiment 3. 

These plasmids were then cut with various restriction enzymes to measure the sizes of the 

fragments thereof. The results are shown in Table 2 below. 

0055 

TABLE 2 PLASMID pCRY 30-DH 



Restriction Enzyme 


No. of Recognition Sites 


Fragment Size (kb) 


EcoRI 


3 


8.2, 4.4, 2.0 


BamHI 


1 


14.6 


Kpnl 


2 


8.6, 6.0 



The plasmid characterized by the above restriction enzyme is named as "pCRY-30DH". 
0056 

EMBODIMENT 5 CONFIRMATION OF ISOLEUCINE PRODUCTION 

The Brevibacterium flavum MJ233 strain being transformed with the pCRY30- 
DH plasmid in Embodiment 4 was inoculated into 10 mL of the medium A with a loop 
wherein 2% ethanol was added to the medium A in place of glucose. The medium A was 
then incubated (pre-incubated) at 30-33 °C for 12-16 hours while being shaken. Then, 
2% of the pre-incubated medium was inoculated into 100 mL of the medium A wherein 
2% ethanol was added to the medium A in place of glucose. Then, the medium A was 
incubated at 33 °C for 16 hours until the cell growth reached the last half-phase of the 
logarithmic growth. The liquid culture medium was then centrifuged at 3,500 g for 15 
minutes. The cells [sec, sediments] were collected and washed once with the reaction 
solution described below. 
0057 

The sediment was suspended with the reaction solution to give a concentration of 
0.5 g/mL. A volume of glass beads equal to that of the cells was added to the suspension 
and the cells were lysed with ultrasound four times in an ice bath for 2.5 minutes each 
time at a power level of 6 with 50% pulsation. The lysate was centrifuged at 8,000 rpm 
for 60 minutes. The supernatant was used as a liquid crude enzyme. A 500 uL portion of 
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the liquid crude enzyme and 500 uL of the reaction mixture having the composition 
shown below were mixed and allowed to react with each other at 33 °C for 2.5 hours. 
0058 

TABLE 3 REACTION SOLUTION 



100mM 


r otassium pnospnate DUiier [pri / 


lOOmM 


Sodium pyruvic acid 


50mM 


a-Ketobutyrate 


i nnmM 


Sodium L-elutamate 

kj VJl Hill JL-/ glUlUlllUtv 


100mM 


Nicotinamide adenine dinucleotide 


23g/L 


Ammonium sulfate 


0.2mM 


Thiamine diphosphate 


lOmg/L 


Flavine adenine dinucleotide 


0.25mM 


Pyridoxal 5 '-phosphate 


lOmM 


Magnesium chloride 



0059 



After 2.5 hours, the reaction was terminated by heating at 100 °C for 2 minutes. 
The reaction mixture was centrifuged at 12,000 g for 15 minutes and the amount of 
isoleucine produced or contained in the supernatant was analyzed by thin layer 
chromatography. In the same manner, the amount of isoleucine produced in the wild 
strain of Brevibacterium flavum MJ233 was also analyzed. The results are shown in 
Table 4. 
0060 

TABLE 4 AMOUNT OF ISOLEUCINE PRODUCED 



Recombinant strain 


20mM 


Wild strain 


lOmM 



0061 

ADVANTAGEOUS EFFECTS OF THE INVENTION 



The use of the DNA fragment of the present invention having the gene encoding 
for dihydroxy-acid dehydratase in breeding Coryneform bacteria provides a strain that 
can produce dihydroxy-acid dehydratase or isoleucine and valine in a highly efficient 
manner. 
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SEQUENCE TABLE 

Sequence Number: 1 
Sequence Length: 1836 
Sequence of: Nucleic Acid 
No. of Strand: Double strand 
Topology: linear 
TypeofDNA: Genomic DNA 
Origin 

Name: Brevibacterium Jlavum 
Strain Name: MJ233 
Sequence Characteristics: 
Symbol of Characteristic: CDS 
Location: 1-1836 

Method Used to Determine the Characteristic: E 



SEQUENCE 

ATG ATC OCA CTT CGT TCA AAA GTC AOC ACC GTC CGT CGC AAT CCA GCT 48 
Met lie Pro Leu Arg Ser Lys Val Thr Thr Val Gly Arg Abii Ala Ala 
15 10 15 

GGC GCT CGC GCC CTT TGG CGT GCC ACC GGC ACA AAG GAA AAT GAG TTC 96 
Gly Ala Arg Ala Leu Trp Arg Ala Thr Cly Thr Lys Glu Asn Glu Phe 

20 25 30 

GGC AAG CCA ATT CTT GCC ATC GTG AAC TCC TAC ACC CAG TTC GTG CCC 144 
Gly Lys Pro lie Val Ala lie Val Asn Ser Tyr Thr Gin Phe Val Pro 

35 40 45 

GGA CAC CTT CAC CTT AAG AAC GTC GGC GAT ATT GTG GCA GAT GCA GTG 192 
Gly His Val His Leu Lys Asn Val Gly Asp lie Val Ala Asp Ala Val 

60 55 60 

CGC AAA GCC GGT GGC CTT OCA AAA GAA TTC AAC ACC ATC GCC GTC GAT 240 
Arg Lys Ala Gly Gly Val Pro Lys Glu Phe Asn Thr lie Ala Val Asp 
65 70 75 80 

GAC GGC ATC GCC ATG GGA CAC GGC GGC ATG CTG TAC TCC CTG CCA TCC 288 
Asp Gly lie Ala Met Gly His Gly Cly Met Leu Tyr Ser Leu Pro Ser 

85 ' 90 95 

CGT GAA ATC ATC GCC GAC TCC GTC GAA TAC ATG GTC AAC GCA CAC ACC 336 
Arg Glu He lie Ala Asp Ser Val Clu Tyr Met Val Asn Ala His Thr 

100 105 110 

GCC GAC GCC ATG GTG TGT ATC TCC AAC TGT GAC AAG ATC ACC CCA GGC 384 
Ala Asp Ala Met Val Cys lie Ser Asn Cys Asp Lys lie Thr Pro Gly 

115 120 125 

ATG CTC AAC GCA GCA ATG CGC CTG AAC ATC CCA GTG GTC TTC GTT TCC 432 
Met Uu Asn Ala Ala Met Arg Leu Asn lie Pro Val Val Phe Yal Ser 

130 135 140 

GGT GGC OCA ATG GAA GCT GGC AAG GCT GTC GTC GTT GAC GGC GTT GCA 480 
Gly Gly Pro Met Glu Ala Gly Lys Ala Val Val Val Asp Gly Val Ala 
145 150 155 160 

CAC GCA CCA ACC GAC CTC ATC AOC GCG ATC TCC GCA TCC GCA AGC GAT 528 
His Ala Pro Thr Asp Leu lie Thr Ala lie Ser Ala Ser Ala Ser Asp 

165 170 175 

GCA GTC GAC GAC GCA GGC CTT GCA GCC GTT GAA GCA TCC GCA TGC CCA 576 
Ala Val Asp Asp Ala Gly Leu Ala Ala Val Glu Ala Ser Ala Cys Pro 

180 185 190 

AOC TGT GGC TCC TGC TCC GGT ATG TTC ACC GOG AAC TCC ATG AAC TGC 624 
Thr Cys Gly Ser Cys Ser Gly Met Phe Thr Ala Asn Ser Met Asn Cys 

195 200 205 
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CTC ACC GAA GCT CTG GCA CTT TCT CTC CCA GGC AAC GGC TCC ACC CTG 672 
Leu Thr Glu Ala Leu Gly Leu Ser Leu Pro Gly Asn Gly Ser Thr Leu 

210 215 220 

GCA ACC CAC GCA GCA CGT CGC GCA CTG TTT GAA AAG GCC GGC GAA ACC 720 
Ala Thr His Ale Ale Arg Arg Ale Leu Phe Ciu Lys Ale Gly Glu Thr 
226 230 235 240 

GTC GTT GAA CTG TGC CGC CGC TAC TAC GGT GAA GAA GAC GAA TCC GTT 768 
Val Vel Glu Leu Cys Arg Arg Tyr Tyr Gly Glu Glu Asp Glu Ser Val 

245 250 255 

CTG CCA OCT GGC ATT GCC ACC AAG AAG GCA TTC GAA AAC GCA ATG GCA 816 
Leu Pro Arg Gly Tie Ale Thr Lys Lys Ala Phe Glu Asn Ala Met Ala 

260 265 270 

CTG GAT ATG GCC ATG GGT CGA TCC ACC AAC ACC ATC CTC CAC ATC CTC 864 
Leu Asp Met Ala Met Gly Gly Ser Thr Asn Thr lie Leu His lie Leu 

275 280 285 

GCA GCT GCC CAG GAA GGC GAA GTT GAC TTC GAC CTC GCA GAC ATC GAC 912 
Ala Ala Ala Gin Glu Gly Glu Vel Asp Phe Asp Leu Ale Asp lie Asp 

290 295 300 

GAA CTG TCC AAA AAC GTC CCC TGC CTG TCC AAG GTT GCA CCA AAC TCC 960 
Glu Leu Ser Lys Asn Val Pro Cys Leu Ser Lys Val Ala Pro Asn Ser 
305 310 315 320 

GAC TAC CAC ATG GAA GAC GTC CAC CGC GCC GGT GGC ATT CCA GCA CTG 1008 
Asp Tyr His Met Glu Asp Val His Arg Ala Gly Gly He Pro Ale Leu 

326 330 335 

CTC GGC GAG CTC AAC CGC GGT GGC CTG CTG AAT AAG GAC GTC CAC TCC 1056 
Leu Gly Glu Leu Asn Arg Gly Gly Leu Leu Asn Lys Asp Val His Ser 

340 345 350 

GTT CAC TCC AAC GAC CTT GAA GGT TGG TTG GAT GAC TGG GAT ATC CGC 1104 
Val His Ser Asn Asp Leu Glu Gly Trp Leu Asp Asp Trp Asp lie Arg 

355 360 365 

TCT GGC AAG ACC ACC GAA GTA GCA ACC GAA CTC TTC CAC GCA GCC CCA 1152 
Ser Gly Lys Thr Thr Glu Val Ala Thr Glu Leu Phe His Ale Ala Pro 

370 375 380 

GGT GGC ATC CGC ACC ACC GAA GCA TTC TCC ACC GAG AAC CGC TGG GAC 1200 
Gly Gly lie Arg Thr Thr Glu Ala Phe Ser Thr Glu Asn Arg Trp Asp 
385 390 395 400 

GAA CTC GAC ACC GAC GCT GCC AAG GGC TGC ATC CGC GAC GTT GAA CAC 1248 
Glu Leu Asp Thr Asp Ala Ala Lys Gly Cys lie Arg Asp Val Glu His 

405 410 415 

GCC TAC ACC GAC GGC GGC CTG GTT GTT CTT CGC GGC AAC ATC TCC CCT 1296 
Ala Tyr Thr Asp Gly Gly Leu Val Val Leu Arg Gly Asn He Ser Pro 

420 425 430 

GAC CGC GCA GTG ATC AAG TCC GCA GGT ATC GAA GAA GAG CTG TGG AAC 1344 
Asp Gly Ala Val lie Lys Ser Ala Gly He Glu Glu Glu Leu Trp Asn 

435 440 445 

TTC ACC GGA CCA GCA CGA GTT GTC GAA AGC CAG GAA GAG GCA CTC TCT 1392 
Phe Thr Gly Pro Ala Arg Val Vel Glu Ser Gin Glu Glu Ala Val Ser 

450 455 460 

GTC ATC CTG ACC AAG AOC ATC CAA GCT GGC GAA GTT CTG GTC GTC CGC 1440 
Val He Leu Thr Lys Thr lie Gin Ala Gly Glu Val Leu Val Vel Arg 
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465 470 476 480 

TAC CAA CGC CCA TCA GCT CGA CCA GGC ATG CAG GAA ATG CTT CAC CCA 1488 

Tyr Glu Cly Pro Ser Gly Gly Pro Gly Met Gin Glu Met Leu His Pro 

485 490 495 

ACC GCA TTC CTC AAG GGA TCC GGC CTG GGC AAG AAG TGT GCA CTG ATC 1536 
Thr Ala Phe Leu Lys Gly Ser Gly Leu Gly Lys Lys Cys Ala Leu Ilo 

500 505 510 

ACC GAC CGC CGT TTC TCC GGA GGT TCC TCA GGA CTG TCC ATC GGC CAC 1584 
Thr Asp Gly Arg Phe Ser Gly Gly Ser Ser Gly Leu Ser lie Gly His 

515 520 525 

GTC TCC CCA GAA GCA GCA CAC GGC GGA GTC ATT GGT CTG ATC GAA AAC 1632 
Val Ser Pro Glu Ala Ala His Gly Cly Val lie Gly Leu He Glu Asn 

530 535 540 

GGC GAC ATC GTT TCC ATC GAC GTT CAC AAC CGC AAG CTC GAA GTT CAG 1680 
Gly Asp lie Val Ser lie Asp Val His Asn Arg Lys Leu Glu Yal Gin 
545 550 555 560 

GTC TCC AAC GAG CAA CTC CAG CGC CGC CGC GAC GCT ATG AAC GCC TCC 1728 
Val Ser Asn Glu Glu Leu Gin Arg Arg Arg Asp Ala Met Asn Ala Ser 

565 570 675 

GAG AAG CCA TGG CAG CCA GTC AAC CGT AAC CGC GTT GTC ACC AAG GCA 1776 
Glu Lys Pro Trp Gin Pro Val Asn Arg Asn Arg Val Val Thr Lys Ala 

580 585 590 

CTG CGC GCA TAC GCA AAG ATG GCT ACC TCC GCT GAT AAG GGT GCA GTC 1824 
Leu Arg Ala Tyr Ala Lys Met Ala Thr Ser Ala Asp Lys Gly Ala Val 

595 600 605 

CGT CAG GTC GAC 1836 
Arg Gin Val Asp 
610 612 

0063 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is the restriction map of the DNA [typo, the original text reads "1NA"] 
fragment (fragment A) of the present invention containing the gene encoding dihydroxy- 
acid dehydratase of about 6.0 kb. 



FIGURE 1 

Kpol EcoRI BcriU Fit! Kpnl 



Dihydroxy-acid dehydratase^ ^ 
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